The inhibition of sterol biosynthesis by agricultural chemicals has been 'studied extensively in animal tissues (Schroepfer, 1981) and in microorganisms (Leroux, 1982; Oelschlager et al., 1980) . Little research has been-conducted with higher plants, although many of the sterol-inhibiting compounds used in agriculture reduce the growth of plants (Buchenauer and Grossman, 1977; Buchenauer and Rohner, 1981; Shive and Sisler, 1976) . Moreover, triarimol, a sterol-inhibiting fungicide (SIF), and ancymidol, a plant growth retardant, are reported to interfere with ergosterol biosynthesis in fungi (Ragsdale, 1975) . These compounds reportedly retarded the growth of Phaseolus vulgaris L. cv. Contender seedlings but had no noticeable effect on the qualitative and quantitative distribution of the main sterols present (Shive and Sisler, 1976) . The SIFs nuarimol, triadimenol, triadimefon, and imazalil inhibited the incorporation of 14 C acetate into lipids of barley plants. The effects of these SIFs on the sterol fractions were analogous to those reported to occur in fungal systems (Buchenauer and Rohner, 1981) , although much -Received for publication 10 July 1989. This study was supported, in part, by the Mobay Chemical Corp. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. higher-concentrations were required to achieve comparable results.
Even though SIFs are often applied throughout a growing season on numerous field crops, ornamentals, and fruit crops, no studies have been conducted concerning the effects of these compounds on the ultrastructure of leaves of higher plants. The purpose of this study has been to examine the effects of the SIF bitertanol (Bayer) on the fine structure of leaves of the cultivar Red Delicious.
Four 10-to 12-year-old 'Red Delicious' apple trees were used in this study. The trees, which were selected for uniformity of size and fruit set, had not previously been treated with SIF. Twelve groups of shoots per aspect located on the north, east, west, and south aspects of each tree were used. An equal number of shoots was treated with bitertanol and maintained as controls. The bitertanol was applied with a hand sprayer to abaxial and adaxial leaf surfaces at a rate equivalent to 1.134 g·ha -1 . The six youngest fully expanded leaves of four sprayed and unsprayed branches located at each aspect of each tree were used. Thus, there were 24 leaf samples at each aspect on each of four trees.
Four 1-to 3-mm rectangular strips intermediate between a primary vein and margin of leaves, untreated and treated with the fungicide, were removed with a razor blade 12, 24, and 72 hr after fungicide application. These strips were then processed for electron microscopy by being prefixed in 4% glutaraldehyde in 0.1 M cacodylate buffer for 5 hr at 0C, washed in three changes of 0.1 M sodium cacodylate buffer for 1 hr, and postfixed in sodium cacodylate buffered osmium tetroxide for 16 hr at 0C. The strips were then washed in three changes of 0.1 M sodium cacodylate buffer for 45 rein, dehydrated in a graded ethanol series (30 min each) followed by an additional change of absolute alcohol for 30 rein, and then by acetone to remove the water that might be present (two changes of 10 min each). Next, the strips were stepwise infiltrated overnight and embedded in Spurr's low viscosity resin (Spurr, 1969) . Blocks were cured at 70C for 24 hr. Sections were cut on a Sorvall MT2B ultramicrotome with a DuPont diamond knife, collected on 200-mesh copper grids, and double-stained with 2% uranyl acetate for 30 min and Reynold's lead citrate (Reynold, 1963) for 8 min. Untreated leaves possessed a uniform cuticular layer that covered the outer surface of the epidermis (Fig. 1 ). Chloroplasts were found primarily in the palisade and spongy mesophyll cells of the leaf (Figs. 2-4) . Palisade parenchyma consisted of long columnar cells (Figs. 3 and 4) . Located around the periphery of these cells were numerous spherical to elongate chloroplasts that measured ≈ 2 × 6 µm. The internal structure of these chloroplasts was characterized by a system of membranes, the basic subunit of which was a thylakoid (Figs. 3 and 4) . Tightly packed stacks of thylakoids, parallel to each other, were present-throughout the stroma of the chloroplasts. In addition, lipid and starch granules were located within the chloroplasts.
Twelve hours after treatment, the thylakoids of chloroplasts were swollen and irregular (Figs. 5 and 6), which gave the chloroplasts a somewhat distorted appearance. Occasionally, mitochondria were washed out (Fig. 7) , while nuclei were less moreover, an increase in the size and number of starch granules 12, 24, and 72 hr follow- (Overton et al., 1988) . This correlated well ing treatment with the fungicide (Figs. 5, 9 , with the observation that the thylakoids and and 10). This observation was based on the the chloroplasts regained their integrity in examination of ≈ 50 samples selected at ran-the same time period. dom. However, a morphometrical analysis It should be noted that in treated leaves, would be required to statistically substantiate the nuclei were somewhat less densely stained this observation. throughout the treatment period. A more extreatment of 'Red Delicious' leaves with tensive time course investigation would be bitertanol may lead to a temporary alteration required to determine if such an effect is perin photosynthetic efficiency immediately after manent and if it is detrimental. Overall, it application as evidenced by the presence of appears that bitertanol did not have a longswollen and irregular thylakoid membranes lasting effect on the plant sterol concentraand loss in chloroplast integrity 12 hr fol-tion or on the structural integrity of apple lowing treatment. Ashton et al. (1963) ob-leaves. However, one must be aware that served the disorganization of chloroplasts and SIFs such as bitertanol might have an effect cellular membranes induced by the triazine on plant metabolism if used continually for herbicide atrazine, an electron transport in-several years. hibitor. The structure of atrazine is similar to that of bitertanol in that both have N-containing rings. That bitertanol inhibited phoLiterature Cited tosynthesis was not established in this study Ashton, F.M., E.M. Gifford, and T. Bisalputra. and awaits further investigation. However,
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the chloroplasts appeared to have recovered induced by atrazine. 11. Effect on fine structure from the effect of the fungicide and returned of chloroplasts. Bot. to a normal state 24 and 72 hr after treat- Buchenauer, H. and F. Grossman. 1977 . Triadiment. It was previously observed by Overton
